SUMMARY Material from 39 patients with acute leukaemia was investigated with the peroxidase cytochemical reaction using 3,3'diaminobenzidine (DAB) and other substrates in order to test their sensitivity in detecting myeloid differentiation. The proportion of positive blasts and of cases with Auer rods in acute myeloid leukaemia (AML) was significantly greater with DAB than with benzidine. In addition, Phi bodies were demonstrated in AML blasts only when DAB was used; Phi bodies were also observed in two out of seven cases of chronic granulocytic leukaemia in 'myeloid' blast crisis but were not seen in any case of acute lymphoblastic leukaemia. Phi bodies were more numerous when the reaction was carried out at pH 9-7, and their number was significantly reduced in the presence of 3-amino 1,2,4-triazole. Both findings suggest that the Phi bodies derive from catalase-containing granules (microperoxisomes) and are distinct from Auer rods, which derive from peroxidase-containing (primary) granules. Like Auer rods, Phi bodies appear to be characteristic of immature myeloid cells in leukaemia but are seen with a higher frequency than Auer rods in acute myeloid leukaemia.
The cytochemical reaction for myeloperoxidase is a valuable tool in the classification ofacute leukaemia, chiefly in the distinction between acute myeloid and acute lymphoblastic leukaemia.1
Auer rods2 are usually visible with Romanovsky stains in blast cells from various acute myeloid types, particularly those with myeloblastic-promyelocytic differentiation (Ml to M3 of the FAB classification).' They have been considered to result from aberrations of the primary (azurophil) granules of early granulocytic cells3 and are often seen more easily in peroxidase preparations. Hanker et al.4 recently described a new type of rod, the Phi body, not visualised with Romanovsky dyes but only by means of a peroxidase reaction using 3,3'diaminobenzidine (DAB), and suggested that they were also characteristic of acute myeloid leukaemia.
We have investigated the presence of Auer rods and Phi bodies in a series of patients with acute leukaemia in order to clarify the relation of Auer rods to the so-called Phi bodies.
Material and methods
Bone marrow and peripheral blood films from 32 patients with acute leukaemia (16 myeloid and 16
Accepted for publication 30 July 1980 lymphoblastic) and seven with chronic granulocytic leukaemia in 'myeloid' blast crisis were studied. The leukaemia was classified according to the FAB criteria1 using May-Grunwald-Giemsa stain and a battery of cytochemical reactions: Sudan Black B, naphthol-AS acetate esterase ± NaF, a-naphthyl acetate esterase ± NaF, acid phosphatase, and lysozyme.
The myeloperoxidase reaction was investigated with the following reagents: (1) benzidine dihydrochloride; (2) 2,7, fluorenediamine; and (3) 3,3'diaminobenzidine tetrahydrochloride (DAB), introduced by Graham and Karnovsky in 1966.5 Substrates (1) Significance ofPhi bodies in acute leukaemia
Results
The cases of acute myeloid leukaemia (AML) and chronic granulocytic leukaemia in 'myeloid' blast crisis (CGL-BC) were considered together for the analysis of peroxidase activity. As the results with substrates (1) and (2) were very similar,6 only the comparison of benzidine hydrochloride with DAB will be described here.
Three features were compared: overall reactivity (that is, the percentage of positive blast cells), and the incidence of Auer rods and Phi bodies. The latter were visualised only with DAB ( Fig. lA-E) and were single or multiple (Fig. IA) , fusiform, thin rods often easily distinguishable from the relatively thicker Auer rods (Fig. 1E,F) . The distinction between the two types of rods was not always possible, and for some of the comparisons we have scored the incidence of both rods together. (Table 2) . In nearly every instance, a higher proportion of leukaemic cells with rods, particularly Phi bodies, was seen at the more alkaline pH; overall, twice as many cells were positive at pH 9-7 (P < 0-001; Student's t-test, paired samples). In the three cases of CGL-BC tested, this difference appeared more striking as very few positive cells were seen at pH 7-6 while positive blasts were readily seen at pH 9*7. The overall proportion of blasts with positive granules, not rods, was, in contrast, lower at pH 9-7 (data not shown).
In four cases, the DAB reaction at pH 9-7 was The use of DAB reveals Phi bodies and is also a very sensitive method for demonstrating peroxidase activity in leukaemic blast cells (Table 1) . We therefore now use DAB routinely in preference to the other substrates, benzidine and 2,7, fluorenediamine. DAB is also used for [the demonstration of myeloperoxidase activity at electron microscopy level.5 10 It is possible, therefore, that one of the reasons for the greater sensitivity of the electron microscopy technique results from the use of DAB and not only from the higher resolution of the system. This is important because when comparisons ofthe value ofelectron microscopy techniques are made, the type of substrate used at light microscopy is rarely taken into consideration. One of our M5 cases showed peroxidase activity only with DAB while the reaction was negative with benzidine hydrochloride.
Of great interest is the relation of Phi bodies to Auer rods, partly discussed by Hanker et al.7 Using the technique with DAB, it is sometimes difficult to distinguish them because both are strongly positive with this reagent. The experiments carried out at pH 9*7 and the inhibition by AMT, a known catalase inhibitor, support the suggestion that Phi bodies may originate from catalase-containing (Table 4 ). These granules were demonstrated at electron microscopic level in human promyelocytes and promonocytes by means of DAB at pH 9 7.9 Despite the higher incidence of Phi bodies at pH 9.7, we recommend the routine testing of leukaemic samples with DAB at pH 7.6 because the overall cytoplasmic reaction, largely due to myeloperoxidase, is greater, and, in most cases, Phi bodies are also clearly visualised. In special cases, when the main interest is the demonstration of Phi bodies, the reaction at pH 9.7 should also be performed. This may be the case when attempts are made to identify the various blast cell populations in CGL-BC, especially as Phi bodies are not seen in lymphoblasts.
In 
